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(c) Pre-examination searches were made of U.S. issued patents, including 
a classification search and a key word search. The classification search was conducted on or 
around April 1, 2005 covering Class 369 (subclasses 47.15 and 4736), Class 710 (subclass 
316), and Class 711 (subclasses 101, 111, 112, 113, 114, 154, and 170), by a professional 
search firm, Lacasse & Associates, LLC. The key word search was performed on the USPTO 
full-text database including pubhshed U.S. patent applications. The inventors further 
provided four references considered most closely related to the subject matter of the present 
application (see references #7-10 below), which were cited in the Information Disclosure 
Statement filed with the application on February 2, 2004. 

(d) The following references, copies of which are attached herewith, are 
deemed most closely related to the subject matter encompassed by the claims: 



(1) 


U.S. Patent No. 6,295,587 Bl; 


(2) 


U.S. Patent No. 6,587,919 B2; 


(3) 


U.S. Patent No. 6,640,281 B2; 


(4) 


U.S. Patent No. 6,701,411 B2; 


(5) 


U.S. Patent Publication No. 2003/0191891 Al; 


(6) 


U.S. Patent Publication No. 2005/0027919 Al; 


(7) 


Japanese Patent Publication No. JP 2003-851 17; ^ 


(8) 


Japanese Patent Publication No. JP 2000-222339; ^ 


(9) 


Japanese Patent Publication No. JP 2003-303055; and ^ 


(10) 


Qlogic Corp., "Full Duplex and Fibre Channel, Network 




Storage Group Host Products Technology Brief." 



(e) Set forth below is a detailed discussion of references which points out 
with particularity how the claimed subject matter is distinguishable over the references. 
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A. Claimed Embodiments of the Present Invention 

The claimed embodiments relate to controlling data transfer of a storage 

device. 

Independent claim 1 recites a disk device comprising a disk controller 
comprising a channel adapter, a cache memory, and a disk adapter; and a disk array 
comprising disk drives, each being equipped with a plurality of I/O ports. The disk adapter 
and the disk array are connected via a switch. A destination drive I/O port to which a frame 
is to be forwarded is determined, according to the type of a command included in an 
exchange that is transferred between the disk adapter and one of the disk drives. 

Independent claim 4 recites a disk device comprising a disk controller 
comprising a channel adapter, a cache memory, and a disk adapter; and a disk array 
comprising disk drives, each being equipped with a pluraUty of I/O ports. The disk adapter 
and the disk array are connected via a switch. A path which a frame passes to be transferred 
between the switch and one of the disk drives is determined, according to the type of a 
command included in an exchange between the disk adapter and the one of the disk drives. 

Independent claim 6 recites a disk device comprising a disk controller 
comprising a channel adapter, a cache memory, and a disk adapter; and a disk array 
comprising disk drives, each being equipped with a pliu-ality of I/O ports. The disk adapter 
and the disk array are connected via a switch. The disk adapter determines destination 
information within a frame to be transferred from the disk adapter to one of the disk drives, 
according the type of a command included in an exchange between the disk adapter and the 
one of the disk drives. The switch selects one of port to port connection paths between a port 
to which the disk adapter is connected and ports to which the disk drives constituting the disk 
array are connected to switch each frame inputted to the switch, according to the destination 
information within the frame. 

Independent claim 7 recites a disk device comprising a disk controller 
comprising a channel adapter, a cache memory, and a disk adapter; and a disk array 
comprising disk drives, each being equipped with a plurality of I/O ports. The disk adapter 
and the disk array are connected via a switch. A destination drive port to which a frame is to 
be forwarded is determined, depending on whether the type of a command included in an 
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exchange that is transferred between the disk adapter and one of the disk drives is a data read 
command or a data write command. The exchange for reading data and the exchange for 
writing data are executed in parallel. 

Independent claim 8 recites a disk device comprising a disk controller 
comprising a channel adapter, a cache memory, and a disk adapter; and a disk array 
comprising disk drives, each being equipped with a plurality of I/O ports. The disk adapter 
and the disk array are connected via a switch. A path which a frame passes between the 
switch and one of the disk drives is determined, depending on whether the type of a 
command included in an exchange between the disk adapter and the one of the disk drives is 
a data read command or a data write command. 

Independent claim 9 recites a disk device comprising a disk controller 
comprising a channel adapter, a cache memory, and a disk adapter; a plurality of disk drives, 
each being equipped with a plurality of FO ports; and a switch connecting the disk controller 
and the plurality of disk drives. A destination drive port to which a frame is to be forwarded 
is determined, depending on whether the type of a command included in an exchange that is 
transferred between the disk adapter and one of the disk drives is a data read command or a 
data write command. The exchange for reading data and the exchange for writing data are 
executed in parallel. 

One of the benefits that may be derived is that a disk device having a back-end 
network that enables full duplex data transfer by simple control techniques an be realized, 
and that increased disk device throughput is achieved. 

B. Discussion of the References 

None of the following references disclose determining (1) a destination drive 
port to which a frame is to be forwarded or (2) a path which a frame passes to be transferred 
between a switch and one of the disk drives or (3) destination information within a frame to 
be transferred from the disk adapter to one of the disk drives, according to the type of a 
command included in an exchange that is transferred between the disk adapter and one of the 
disk drives, as recited in independent claims 1, 4, 6, 7, 8, and 9. For instance, claim 1 recites 
a destination drive I/O port to which a frame is to be forwarded is determined, according to 
the type of a command included in an exchange that is transferred between the disk adapter 
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and one of the disk drives. Claim 4 recites a path which a frame passes to be transferred 
between the switch and one of the disk drives is determined, according to the type of a 
command included in an exchange between the disk adapter and the one of the disk drives. 
Claim 6 recites that the disk adapter determines destination information within a frame to be 
transferred from the disk adapter to one of the disk drives, according the type of a command 
included in an exchange between the disk adapter and the one of the disk drives. Claim 7 
recites a destination drive port to which a frame is to be forwarded is determined, depending 
on whether the type of a command included in an exchange that is transferred between the 
disk adapter and one of the disk drives is a data read command or a data write command. 
Claim 8 recites a path which a frame passes between the switch and one of the disk drives is 
determined, depending on whether the type of a command included in an exchange between 
the disk adapter and the one of the disk drives is a data read command or a data write 
command. Claim 9 recites a destination drive port to which a frame is to be forwarded is 
determined, depending on whether the type of a command included in an exchange that is 
transferred between the disk adapter and one of the disk drives is a data read command or a 
data write command. 

1. U.S. Patent No. 6.295.587 Bl 

The patent to Martin (6,295,587 Bl), assigned to EMC Corp., provides for a 
Method and Apparatus for Multiple Disk Drive Access in a Multi-Processor/Multi-Disk 
Drive System. Disclosed is disk device 14, drive adapters 18, and adapter ports (AP) 20 and 
drive ports (DP) 24 of switch 22. AP 20 of switch 22 is connected to drive adapters 18 and 
DP 24 of switch 22 is connected to the input/output ports of disk devices 14. Disk identifier 
(LD) 48 and switch state (SS) 50 may control both the adapter 18 and switch 22 to establish 
appropriate connection between processor 12 and disk device 14. See column 3, line 48 to 
column 5, line 39; and Figure 1. 

This reference relates to the use of a switch with a binding mapper and an 
address mapper. It does not teach determining (1) a destination drive port to which a frame is 
to be forwarded or (2) a path which a frame passes to be transferred between a switch and one 
of the disk drives or (3) destination information within a frame to be transferred from the disk 
adapter to one of the disk drives, according to the type of a command included in an 
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exchange that is transferred between the disk adapter and one of the disk drives, as recited in 
independent claims 1, 4, 6, 7, 8, and 9. 

2. U.S. Patent No. 6,587,919 B2 

The patent to Yanai et al. (6,587,919 B2), assigned to EMC Corp., provides 
for a System and Method for Disk Mapping and Data Retrieval. Disclosed is disk storage 
system 10 with means for receiving write commands and data such as channel adapter boards 
12a-d, which receive disk read/write commands and data over communication channels 1-8. 
Disk adapter boards 20 read and write data to one or more disk drive units 22. Channel 
adapter boards 12a-d are connected to cache memory storage unit 16. When channel adapter 
boards 12a-d receive write commands, there is stored in memory an indication to disk 
adapters 20 that data record stored in cache must be written to the disk drives. See column 5, 
line 52 to column 6, line 18. 

This reference relates to the use of a record locator data structure having 
variable-length data records for disk mapping and data retrieval. It does not teach 
determining (1) a destination drive port to which a frame is to be forwarded or (2) a path 
which a frame passes to be transferred between a switch and one of the disk drives or (3) 
destination information within a frame to be transferred from the disk adapter to one of the 
disk drives, according to the type of a command included in an exchange that is transferred 
between the disk adapter and one of the disk drives, as recited in independent claims 1, 4, 6, 
7, 8, and 9. 

3. U.S. Patent No. 6.640,281 B2 

The patent to Obara et al. (6,640,281 B2), assigned to Hitachi, Ltd., provides 
for Storage Subsystem with Management Site Changing Function. Disclosed is disk 
controller 8, host interfaces 2, channel paths 9, cache memory 4, disk interfaces 5, and 
plurality of disk drives 6. Cache memory temporarily stores data written in disk controller 
and data read from disk drive 8 and output to the host. Data exchange between host computer 
1 and disk controller is performed via channel path 9, where data is called a frame. Frame 
received at host interface 2 is identified for target volume and type of operation from the 
volume number field 24 and command/data field 25, where the input/output command is sent 
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to head disk assemblies (HDA) of disk drive. For read command, HDA returns the read data 
to the disk interface. See column 4, line 30 to colunrn 6, line 20; and Figures 1 and 2. 

This reference relates to a technique for transferring management of desired 
disk drives and volumes to be managed by an overload disk controller under access 
concentration to an optional disk controller not in an overload state while an application on 
the host and an ordinary process of the disk controllers are maintained to continue. It does 
not teach determining (1) a destination drive port to which a frame is to be forwarded or (2) a 
path which a frame passes to be transferred between a switch and one of the disk drives or (3) 
destination information within a frame to be transferred from the disk adapter to one of the 
disk drives, according to the type of a command included in an exchange that is transferred 
between the disk adapter and one of the disk drives, as recited in independent claims 1, 4, 6, 
7, 8, and 9. 

4. U.S. Patent No. 6,701,411 B2 

The patent to Matsunami et al. (6,701,41 1 B2), assigned to Hitachi, Ltd., 
provides for a Switch and Storage System for Sending an Access Request from a Host to a 
Storage Subsystem. Disclosed is host adapter 101, diskarray interface (I/F) controller 101 1 to 
control the diskarray switches 20, diskarray I/F 21, and host bus 1012 to perform 
communications and data transfer between cache memory 102 and diskarray I/F controller 
101 L Lower adapter 103 executes control of disk I/F controller 1031 to control disk 104 and 
disk I/F. Diskarray switch 20 contains managing processor (MP) to perform fixnctions such 
as management and control of diskarray switch and crossbar switch 201 . During a read 
operation, switching controller (SC) 2022 reads the frame held in frame buffer (FB) 2021 and 
analyzes the frame header 401. Information such as ID for the frame transfer destination are 
included in the frame header. See column 4, line 55 to column 5, line 17; column 9, lines 27- 
45; and Figures 1 and 2, 

This reference relates to the use of a switch connected between a first interface 
node and a plurahty of second interface nodes to perform frame transfer between the first 
interface node and the second interface nodes based on node address information added to the 
frame. It does not teach determining (1) a destination drive port to which a frame is to be 
forwarded or (2) a path which a frame passes to be transferred between a switch and one of 
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the disk drives or (3) destination information within a frame to be transferred from the disk 
adapter to one of the disk drives, according to the type of a command included in an 
exchange that is transferred between the disk adapter and one of the disk drives, as recited in 
independent claims 1, 4, 6, 7, 8, and 9. 

5, U.S. Patent Publication No. 2003/0191891 Al 

The patent application publication to Tanaka et al. (2003/0191891 Al), 
assigned to Hitachi, Ltd., provides for a Disk Storage System having Disk Arrays Connected 
with Disk Adaptors through Switches. Disclosed is disk storage system comprising disk 
adapter DKA performing control required when data is transmitted and received between disk 
controller DKC and disk array DA, wherein DKA is connected to DA through channels DOl- 
04. CI -4 are channels allowing communication between channel adapters CHA and CPU. 
Cache memory CM fimctions to temporarily store data inputted/outputted by disk storage 
system. Switch SWl includes input/output ports P1-P5. During writing of data in DA, 
circuit configuration allows a frame in a block to be inputted from port PI and outputted from 
ports P2-5. See paragraphs [0071], [0073], [0074], [0075], [0092], [0097], and [0098]. 

This reference discloses the use of switches between a disk adapter and a disk 
array to change over connection between ports to which the disk adapter is connected and 
ports to which disk drives constituting the disk array are connected in accordance with 
destination information in a frame for each of the inputted frames. It does not teach 
determining (1) a destination drive port to which a frame is to be forwarded or (2) a path 
which a frame passes to be transferred between a switch and one of the disk drives or (3) 
destination information within a frame to be transferred from the disk adapter to one of the 
disk drives, according to the type of a command included in an exchange that is transferred 
between the disk adapter and one of the disk drives, as recited in independent claims 1, 4, 6, 
7, 8, and 9. 

6. U.S. Patent Publication No. 2005/0027919 Al 

The patent appUcation publication to Amga (2005/0027919 Al) provides for a 
Disk Subsystem. Disclosed is N disk array controllers 1-1 to 1-N, each with M disk drive 
interface controllers 2-1 to 2-M, where each of the M controllers of fibre channel fabric 
switch 3-1 to 3-M are respectively connected to the disk drive interface controllers 2-1 to 2- 
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M for controlling disk drive units through fibre channel interface 5. Data transferred between 
host computer and disk array are temporarily stored in cache memory. Switch controller 17 
sets switch 18 based on the ID number received from disk drive interface controllers 2-1 to 2- 
M. See paragraphs [0023], [0025], and [0029]; and Figure 1. 

This reference relates to the use of a protocol controller disposed between 
switches in a fiber channel fabric switch circuit and disk drive units for converting a protocol 
to enable one-to-one connectivity established between controllers and disk drive units. It 
does not teach determining (1) a destination drive port to which a frame is to be forwarded or 
(2) a path which a frame passes to be transferred between a switch and one of the disk drives 
or (3) destination information within a frame to be transferred from the disk adapter to one of 
the disk drives, according to the type of a command included in an exchange that is 
transferred between the disk adapter and one of the disk drives, as recited in independent 
claims 1, 4, 6, 7, 8, and 9. 

7. Japanese Patent Publication No. JP 2003-851 17 

This reference provides a storage controlling device capable of efficiently 
using a fiiU duplex type communication passage. The storage controlling device connects to 
an upward processing device through the fiiU duplex type coiranunication passage and stores 
and manages data received through the communication passage into a data storing means. 
The storage controlling device has a plurality of channel processors for inputting or 
outputting data from a data storing means in response to a command included in the data 
(frame) transmitted from the upward processing device, and assigns the channel processors 
for inputting or outputting the data related to the data (frame) in response to the command 
included in the data (frame). 

As described in the present application at page 3, line 18 to page 4, line 2, the 
reference discloses that channel processors for inputting data to and outputting data from the 
disk device are controlled in accordance with a command from the host device and the 
quantity of data to be transferred so that fall duplex operation is performed between the host 
device and the storage controlling device. However, dynamic control is required when data is 
transferred and its problem is complexity of the control method. Also, the reference does not 
deal with the full duplex data transfer in the back-end of a disk device. See page 5, lines 17- 
21. 
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This reference does not teach determining (1) a destination drive port to which 
a frame is to be forwarded or (2) a path which a frame passes to be transferred between a 
switch and one of the disk drives or (3) destination information within a frame to be 
transferred from the disk adapter to one of the disk drives, according to the type of a 
command included in an exchange that is transferred between the disk adapter and one of the 
disk drives, as recited in independent claims 1, 4, 6, 7, 8, and 9. 

8. Japanese Patent Pubhcation No. JP 2000-222339 

This reference discloses a way to connect plural disk drives with a disk drive 
interface circuit without sacrificing transmitting performance by using a fiber channel fabric 
topology for reducing the number of connection hnes by using a fiber channel interface as a 
serial interface, and for realizing switch connection. A fiber channel switch control circuit 3 
is provided between a disk drive 4 and a disk drive interface control circuit 2, and protocol 
control part 16 is provided between a switch 18 in the fabric switch circuit 3 and the disk 
drive. 

As described in the present appUcation at page 4, lines 3-8, the reference 
discloses a disk array system where a disk array controller and disk drives are connected via a 
switch. The reference, however, does not deal with application of the technique to the back- 
end of a disk drive equipped with a plurality of I/O ports and the fiill duplex data transfer in 
the back-end. See page 5, lines 22-25. 

This reference does not teach determining (1) a destination drive port to which 
a frame is to be forwarded or (2) a path which a frame passes to be transferred between a 
switch and one of the disk drives or (3) destination information within a frame to be 
transferred from the disk adapter to one of the disk drives, according to the type of a 
command included in an exchange that is transferred between the disk adapter and one of the 
disk drives, as recited in independent claims 1, 4, 6, 7, 8, and 9. 

9. Japanese Patent Publication No. JP 2003-303055 

This reference discloses a disk storage system having high throughput between 
a disk adapter of a disk controller and a disk array. The disk adapter of the disk controller is 
connected to the disk array through switches. Data on a charmel between the switch and a 
RAID group is multiplexed in the switch to be transferred onto a channel between the switch 
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and the disk adapter, and data on the channel between the switch and the disk adapter is 
demultiplexed in the switch to be transferred onto the channel between the switch and the 
RAID group. A data transfer rate on the channel between the disk adapter and the switch is 
made higher than that on the channel. 

This reference relates to the use of a switch with multiplexing and 
demultiplexing to achieve higher throughput between a disk adapter of a disk controller and a 
disk array. It does not teach determining (1) a destination drive port to which a frame is to be 
forwarded or (2) a path which a frame passes to be transferred between a switch and one of 
the disk drives or (3) destination information within a frame to be transferred from the disk 
adapter to one of the disk drives, according to the type of a command included in an 
exchange that is transferred between the disk adapter and one of the disk drives, as recited in 
independent claims 1, 4, 6, 7, 8, and 9. 

10. Ologic Corp., "Full Duplex and Fibre Channel, Network Storage Group Host 
Products Technology Brief" 

This reference discusses the meaning of full-duplex data transmission with 

fibre channel. 

As discussed in the present application at page 3, lines 5-17, the reference 
discloses a plurality of FC-ALs in which disk drives are coimected and a server are connected 
via a switch and parallel data transfers are carried out between the server and the plurality of 
FC-ALs. It does not take a disk drive having a plurality of I/O ports into consideration and it 
is difficult to apply the technique to a disk device comprising disk drives each having a 
plurality of I/O ports in the back-end. See page 5, lines 10-16. 

This reference does not teach determining (1) a destination drive port to which 
a frame is to be forwarded or (2) a path which a frame passes to be transferred between a 
switch and one of the disk drives or (3) destination information within a frame to be 
transferred from the disk adapter to one of the disk drives, according to the type of a 
command included in an exchange that is transferred between the disk adapter and one of the 
disk drives, as recited in independent claims 1, 4, 6, 7, 8, and 9. 
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(f) In view of this petition, the Examiner is respectfully requested to issue 
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midy'-i'AmMm\zioi,^xm&immp^\zmmvtcj= 



7 ] s!*3i 1 izmm<D^mmmmsx$> o 

icjSCT^Wx-^'. (:7^-A) tcH-r-Sx— ^Affi:'3 
^> tfIf37"->IBtt^S(C^*r-5x-^»^ii^n-7> 

im^m 8 ] »*3i4 6 \ztE.m(Dmm.Mm^m 
x'$,^x, mmm&:m^^^mmmmMmmmizmm-^n 

^m^m4^rz\t6\zmm(DMEmmm^m, 

{cftig^n. mmmms&^mux^mvr^^-^^^y^- 

•7 > H tc^jS b T hJ IB5^- 3' IBtS#S fC^*f -5 7^- A 
7^-^fBtt¥StC7^-^0»#ii^3-7> H-CfeSd^T^ 

— ©^i!»-ai L- n -7 > H T a& S *i {c jj: U xWSt— tS' 
(71/— A) \zr:}\,^x<Dmm^nv'^'^^Jl-/ci±.^^ 

w\iomx^^v\zvrzz.ii^<^miiT^mmmmmm<o 

«f-Si^$n. MiBamKssuTgfSLfc^-^^^ 
-:5'iBtt#a(ciBit'i=sb« mmmmm^m}:'X±&^ 
mmmib^^m?>nx<^y'-^^ {yu—A) tc-^sn-s 

n V > H izMlS'Vxmmy^-'^t&^^mzn-t^v'-ii^ 
Attl:t)®31 Sfr c> r ^^I'T'P -fetJ-^^S ATfilfife 

WgHT^— 5^ (71/— A) tCOViT®ffiSSfT5^^*;P 
p -feiJ- ^ fij t5 ^ T S i fc bfc j: i: t -r -SIBtt 

1 1 ] ^-m:^^<omm^\z^K)±iS[9!imm 

-^IBtt^gl-IBItl^Sb, SfffBS^tSS^ilCT-he® 

s^g*^e.Me.nT<-£.x-5' (71/-a) c-^stxs 

P v > H {C^lSbTtaiBx-^'tBIt^® fc^J-r S 7^-3^ 
AtB :^5!iS^ff 5 ^ ^;i'7^P -fe-y-^&ii AT^jsiE 

$n-5lB1ta®^S03lffi::^feTS)cT, 
BtriBx-^ (71/-A) C-g*naPV>KcDiBII®i:. 

^ (^K*-tB b P -7 > K ic J: t) m^^Fali*! (ciaiS S 

ntzy'-i'mt\zfS-ux't(Oy'-^ (71/- A) iciir 
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m^-m 12] ±-m.-^^(Dmmm\z^ o ±&mmm 

4^ S nX S 7^— ^' » ^ ii^ 3 V > H t -7^- 5^ Sl* 

[if 1 3 1 ±=.m:^^o:>mm^iz ^ o ,±i^mmm 

mm&^^r^)u-:fu±:-^i}immy'-i^xmti{iim\z^^^ 
xm&mm tcMs b « t js; u ©t'— 3^ 
(yu-A) izm-r^m^7'—:$'xmi]mm^mf}-r^ 

[0 0 0 1] 

m^izi:K)±&!&mmsi:mmv. mmmmm^mnx 
^mvtzy'—^^y'-i'km.^mizBm'sm-r^mmM 



ftti>(o^m\zm-r^. 

[0 0 0 2] 

mm(o^m'i^^>yu-Af3.}£(D±^$!immmt, 

■ (l^iSBlSANS I (American National Standard for In 
formation Technology) ®F C- PH (Fibre Channel P 
bysical and Signaling Protocol) i&#M) . 

[0 0 0 3] ^T-f a*^y^;hs> 2:^—\-m<Dmmm 

SMCttjMS«2* (^— fi>^^) CDjimSSTtBSizS 

•t' t is It ^ I3tt$!ii?i^e i ±fi:5!iii^g i ©ra ®a 
yu-2>,Lmin^y'—i$'m^^M^tiyXf7t> 

mu#^; (Read^^) fcM^Sf^— at^MStixi^x^^ 

\z:^n^±iiLmm&mt.mi&mmmmii<Dfsi<ommx 

[0 0 0 4] mi\z. :7r'fn5^^^;i'Coa«Ki3j:o 
SM^tifciBftsiiw^ei oi, ctis?ijffl-r^±fi5& 
asm 2 0 t^m^^xm^-^n^y'-^mmzyT.T-^'^ 

—m^mt. iStt®li»S® 1 0 
U-imW^EX^K). =^^vy'>3.^^U 1 .1, 

:x--;/ h7it*05^-^'l31t^Sl 2. CPU^;<^U)^ 

14, ^-v^Ji/fawsBi 4 36>e>s{ibfc7^— A*«>o 

^^•ttT#:7W— Atw^l£:-rs«iS^=^^-yv'3.^^U 1 

1 ^SUfcx-^'SEtt^gl 2'v05'-^teSlf!lffl*JI 
fT-r-55'-\'^;i':/P-lr-tf 1 3/^aiS:<lATVi-5. — 

±'e^2iasM2 ott, «sj^jf, :^^>yv—L.-p^yn 

[0 0 0 5] leitfraSMi 0 t±ffi5a3SSM2 oio 
PBi©a{i{c*5^\T, feftfijffliSM 1 0 S:mvrcyu 

— AOJII(c€-7k-AS^aii-rsg^^^;pynirl)-l 3 
stdoSTS. *yt. c:®isfcg^v^-;uya-fe-!ti 

1 sti^coyu-j^aDmmmiztiiomx^n^zitiztj. 

[0 0 0 6] 
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m2 Qib^BBmm&si o\zm^nx<^yu-A\z 

^ i^^-t ^ READ n V > H $ ti, z:n^u^y]^\z 

MJt-^^Mmz^l.T\'^. WRITEn'T>H^>b<fr^READ 

imMvx JsL^%M^m2 o;5^^2ie>nT#fc«'&'^. 

JCWRITEn T > H 'fe b < ttREADn V > H O e» ti^— 
co«8 r«1 4' l'i:^=:Sa{i;^^^^ tc^iffi b CI <h ^ o 

[0 0 0 7] '^u.fS^. myOit. ^^^^ji^yu^-^i 3 
1 o::j^r^aoji{ii^5 1 (e^T. r^W^j hW^^) (D 

[0 0 0 8] :$^^m\tzL<D^3:^mm\z&^xu^tirc 

[0 0 0 9] 

(D. ^^m<D^rc^^m\t. ±:r.m:^^(Dmm^\z^o 
±^mmmmhmmv. mmmms&^mux^mi.tcy' 
-i$^^y'-i^m^^m\z$E^mm'r^^^mmmmx$> . 

oT. mmmmm^mux±^i^mmm:^^^m^nx< 

m^f—i^ iyv—K} \z 

[0 0 10] ftftrWictt. yr^/^^^^r^MZ 

oyr.^/^^^^)i^<D^WL^mmvx. yu—A\z^^ 

tiTVi^nv> \^fimtE^-:S^mtt^m^zMT^m^^jh 

^^^T*^0>6\ m^ltiV^^X$>f(Df)-^\ZJts\^X^ 
O U — A 3O^*0f M T -5 X i7 X ? a: > ^ S T -5 ^ ^ ^ 

i^XO^'^r^Ji^Zfu^-^^mmzm^S^^hVK 
[0 0 11] 



:^;^yo-feit^cHP 0. CHP 1 ift^■r'5il^:i-r 
^o ^fcv £ATcoi5i?gT« rwRiTEj * rwRj trea 
Dj ^ TRDj ^ti^rmm-t^o 
[0 0 12] mmmmmmi oo^-^^-Mmmi 4<d 

y'-^ME^^mi 2\zMT^y'-/$'<Dm^m^mm 
f3i^(D. ±^mmms2oib}^m?>nx<^:2'^>\^\z 
jt-]::^xnt>n^^m\zmm^n^^m'r—y)Uf)mi^'s 

— :i^;i/2 o oxab-So ii<Dy^—zf)V2 0 o\z\t. 
mmm2 0 i:cDPBi<7>®«fr*viT*^K^nfcXij7;^^jc 
zyz^tmm^nxi^^^o 

[0 0 13] c<dt— :/;ucD'r--y;^^^:7^>/2 0 2 

\z^v^x\t rij 5aM4^Tr?^Vix^x^x>s^lc':> 
V>Ttl roj h^tl^o 7^A*-<A#-^2 0 3 

tt. ^<^x^X^x>e?(^«!iS?*lfea:;&S'x-5^IB»^ 

;^t-fevyh^n^, CHP#-^2 0 5t::tl^Kx^X5='x 

®(i®«#-f >^^2 0 4{Ctt§mK5 1 ^ffibTSMb 

OX- I D (Originator Exchange_ID) 2 0 7 \Z\'^. 

±^mmmm2 o#jTfflDST6»nrcXi^x^x>vS. 

#*t-tr-y hSn. S - I D (Source^ID) 2 0 8 \Z\^m. 
(Dest ination.ID) 2 0 9 fCttg^X^X^^rc >>^cDM 

[0 0 14] R±<D:^BcO'5*^5^--:/;^^S&>'^ 

^tap-^. 'r-:f)V^1^yyiff)^ rij os^jrffi 

;5f^-tr^> h;^nSo OX-ID2 0 7. S-ID2 

0 8. D - I D2 0 9(Dm.\t. S-X^X^x > v(C--lc 

xyv-Ki)m^nx^rzm^\z^yv—2^ti^E(^:^i7 

y.^:c>zy\zmm,\^X\^^^f)^. yU—Kifi9cmy\y—h. 
X^^f)^ (X^X5"3i>>^^3l5^-:/;i/tC>'l/-A;^?^S 

m-^nx^^^u^^m'^) t.^^^r:iz,L\'X. ^yu—i^\z^ 

*y F^nXl/^^OX- I D 2 0 7. S-ID2 0 8, D 

- I D 2 0 9 Jr— gc-r^X:^X^x>>?^X^X^x> 

-j'sm'T—:f)V2 0 of)^^m^^z.hxi^x^^. 
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[0 0 1 5] 0 3«|5tta!ll3IS«l 0©^^ij J: 

0 i«, CHPcDfijS^ascDjlffMWlcffiVi&ns. 

[0 0 1 61 SfiWRnv>H7^— ^»*t7>:S'3 0 243 
J;t;fS«RD:3V>HT'-;S'«;i!70^'3 0 3Ctt, 
^Jl'Sllffllgf 1 4 *i±&ffi31gg 2 0 e. ri V > H 

7^-^'«;<7C'>^' 3 0 4fctt, ±k5!lSSa2 0*>5fB 

ISSiJffllSMl OtcMMi^nfcRDZiV^KtCJi&^g^LTlStS 

1 ojb^e±^mmmm2 o tM«^n^^-^' 
gid^-fey CHP 1 3ib^i^mm^Tmm^$>o. 

[0 0 17] CHP Ox— iS'a;*;':?^^ 3 0 5, ^^Zf 
CHP 15^-^S*«J'>^'3 0 6fC«. #CHPOi 1 

. ^'Jt^i5g«i^©:&agge3 o 7-3 1 1«, mtr^c 
HP(omr) mxmmo^mfr^mcorcebizmm s t ® 

Tabs. ^r:iS'U>i'JlfTraPil^"fV3 1 2, ^rX^'U 

>^iifTr^ig I /o^ 3 1 3 a. mmmmmmi oam 
fft^^m-^-u >ifmm\zmvxmm-^ri^/ty ^- 

^XS>^. Sfc, ^ri^'U>^BfiSS^^J3 1 4 t^x^' 
U >^*iT«F^J 3 1 5 ffilSSSWSfi 1 0 \z^r}mm 

•S. I/0»;^;'>>^'3 1 5«, I /OiacT^- :5"J 

■r-5©fc£>s;^i»ffit?abD. :in]zit±&:mmmm2 0 

[0 0 1 83 B4tt, ^•\'^;i/$!lWgBl 4CD^^:U±fc 

.40 1, 4 IOTA'S. Z.<D9—Zf)U4 0 1, 4 1 0 

<ttWR3T>KCD^3.— d'>^iKffi**, FIFO (Firs 
t In First Out) ^^iCT'gS^n, ^ jl— T >^IS:Sr^ 
■r*':7>^4 0 2, ^t^^i-CD^^T KkX^S^-ri 
NTj^-f >5' 4 0 3 . 7SJ¥^3.-0*&SftT H l/X ^£s^f O 
UT^'f >i5'4 0 4, ^a.-:^#:«D5'-5'-lJ-'fX^'gS 

0 6 tcti. m^mmmm: 2 0 d mxt^x-i/x^^^ > 

-:^##4 0 7 t5^-iJ'teSI»4 0 8. C©X;?;^5=-x> 
>'*^lff-r.-5CHP®#^4 0 9/j:i:5&S|BM$tlTli 

[.0 0 19]^^tr, EStcS^-r^D— hitfe 

\z, m^mmmm 1 0 a:Jt&5!issa2 0 toM®^- 

a^&SCSidCfeViTIBIt^iail^Ml 0d«fT'5, CHP 



[0 0 2 03 ±±im^^(Dmm^(oot>^mm5 1 
i:^x±&:!skmmu 2 0 e a vr^m-^. 13 
ttsa^ssioa, $-r, ^®7P-AdWc;^x;?x 

(5 0 1. 5 0 2) . ZL^Lxyu—M^ffimwi^myu— 

A1?4&:pfc«-&fC«> *^sEffl©Xi7;!^5^x>i?#^S5PJ 
ffl bT-^©:7 1/— A (c*ft^:-r-5 :7 H $x^ ;^5^x 
>>?^ax— :/;pfc«Tfefcs#r-s (503) , TS^fe, 
:7 A*«e»5fem7 u-Axm^m'^<omm\z-z>\,^x 

[0 0 2 13 -p^JcKtSfOW^ai ott, mEyu-A 
(DyU—A$my-<—)V\^ (F.ControlField) $:#M 

m^yu-A<D^myu-i^(o^&mm^m^^ 

(5 0 7) . ^CDig;*, SK^lx—A^^^^^l^— A* 

mt ^ m-^iz ti. $ e. CD 7 1/— A *^RD/wR ti-f 

©=i-7> F<£-i-tf 7 ATa&-5>6^<i:-5>6^Sril'<-5 ( 5 
0 8) . J:©SHEtt. Effi:«lfflS«10 

[0 0 2 23 COSiaECDi^;^. A*i3V>H 

■!b^iiz)i)^^mmx'^^i^m-^) }zu, mt^mmmmi 0 

«. S®7i/-A^®S©CHP*r|^:;&-iC, -TfSit)-^. 

sebfc7 ^-A©jiifc&:7 ^-A^^2is-rs9^^^;p 

tt. ^effl^nxi'i/fet/i^^^ji/T'o-fe-y-i 3fc^©7^ 
-A(Dis}.mpit^t\>^3 CHPti^:^^\z^y)mmyu 

-A®«!ia^fT-5 (5 10) . 

[0 0 2 33 |f|iB:7^-A/&«RD/'WRVi-m*^Or3 
•7> HS:^tJ7l'-AT?a&-5«-&fctt, •p#OJ:p.tc^ 
S*«fffctXS. *-r. ACWRnT^HA^-^StiT 
t^fc^-^, SBtSftiW^Bl 0.«, WR'r-^4^aL-'ga5^ 
— y)V4 0 1 {C^^7l^^A©X;9X5^x>>'#^t-€- 
C0WR3V>K(Cj;Di2lS$n.55^— ^'ftS:S®T-5 (5 
11) . — ^K^P— AfcRDn-7>K*«-^^nTVi 

;i^t^K7k-ACDXi7X5^x>v'»-^i, -ecDI^EADn 
V>HtC<kD^S^n'2)7^-^«i&^^-r-5 (5 1 

2) , tn^. Jine.#=^^a:-'ffS7^-:/;i"vcDSE®d«fT 

^5^->';i^®*'^>^'4 0 2*J:rXOU 
T#-f >:5' 4 0 4 iCl S-ilDS:-r-5. . 

[0 0 2 43 -^^izm^ummm. i o \t. ^i^'smy— 
yjvtDCHP^mmmmfryyifs o KD^m^m^t 
i:j:-ecHP«ij^50ra^fT75^y3 0 1 ri J 

Ev^^mm-t^mmizm^ (513. 514) . set 

7U'-AfcWRnv>H!{l«-^*nTVi/5:JS^tt, Xi^X^^ 
x>i^eS7^— ::^;i'2 0 0 ©SSt^l^— AdiHfMf sx 
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Kb (5 15). Sfc. CHPfrJS^Q.SSS'T— :/;i/.3 

0 OOCHP 0'?-:^S*f':>>^^3 0. 5 t::gS7 

(Dy'-^m^iuwv (5 16) > 'mmyu—2^<Dmm^ 

CHP 1 IZ^mr^ (5 19) . >^|x-AiCRD3 

'^>]^A^^^nx\^^rzm'^^. j^±<DWRnv>FcD«'&. 

tl^Dctd^ClLT^aaj&^fTfcn^ (5 1 2, 514, 5 

1 7, 5 1 8) o 

[0 0 2 5] — (5 1 3,- 5 1 4) <Dmm\Zi^^^ 

X. cHpm^mm^ny^^s^o i\z roj f)^±-jh 

S (WRnv>HT»S;&^RDr3^>F-e&^*^) tcj^SUjt 
CHPCDtB^JJ!iii*fTtoT> ^<D«:toDtrCHPt9Siffl. 

31^31^— 3 0 OCOCHP O 'T^— :^»;^^7>:37 3 0 
5feb<«CHP l7^-^«:^^7>37 3 0 ecDit^JC* 
-r^ViTCHPCDfdOST^fr^ (5 2 1) o TtSitD'^. 

ffitftSOffl^g 1 0 t^. CHP05^-^fi;6^7 
>^ 3 0 5 4Scfcr/CHP lo^— ^a;^^>^ 3 0 6 COM 

T. ^^myU—'^<Dmm\Z£-mfSiy'—:^^^<DCHF\Z 
[0 0 2 6] O^JC> (5 0 2) CDi!l31JC43ViT. 37 1/ 
U—Amm (OX-ID, S-ID. LPN#-^, 

-rx#-^) ^^—ti.rcm^}fzm^T^x.^7^^:xi>z^ 

:&X^X^x>>^SS5=— y;P2 0 0;0^e>Simt*'&o 
bT> ^^^bfcXi5^7.^ai>i^cDCHP»-^2 0 5lCgE 

•f3ij'-^^^<Dm\zMfi(>T^cHF\zmm'r^ (51 
6)0 

[0 0 2 7] ftS::^, CHP#-^2 0 5Jc:fii;6t-fe!y h^tl 
xi7 X ? X tcKf;i C H P «9 ^ T e nx ViTS: 

^t-ii. (5 0 7) ;&^e»o5aajcittro fiticT^ctpiru 

TSiSSiW^Bl 0\t,S:mi^tzyU-A^'Z>€^^\zil!l 

mvx^^<z^\zu^o 

DX/LOC/WRCKD*^?>^ci:^ ICCW (Channel Xommand Wor 
d) > m^^-i. riBM 3990/9390 Storage Cont 

rol Referencej ^#M) <Dy U—A^^m^tlX^fcm 
^(DmmiZ-Oii^X. BS. .0 5<?):7D— NtCfiEo 

xmmT^o 

[0 0 2 9] mmummmi o^t. Dx^v>H^^^fc 

r3V>K:7lx-AiO>i:336^*W^-rS (5 0 8) • C d 
TDX 3 T > K tmw^ X - > O ei65fe^ 3 T > H T * 



0\ ifffc7^ci:X^X5^x>>^c^gtt5felg:7V-AT&'^C7) 

mmmmmmi o\tz:(Dyu—A\zMjB'r^:3Li7:^ 
[0 0 3 0] -:>^\zm^mm&mi o\t. mtzyu-M. 

(DyU—Ammy^—Jl^}^ (F^ControlField) 

(5 0 7) . ^(Dm^. m.myv-L.^MT^m'^\z 

^ e> d CO :7 1/— A ;0^'RD/WR V^Tn*^ O 3 V > F 
-&tJ>^l/-A-C*^*^t*356^^ia'<^ (5 0 8) o Ji:! 
'rDXn'V> READ/WRITEl^^TtLCDn v> HTfe^ 

V^fcfe, IBtt^ilWS® 1 0 ^K>^l/-AS:am<7:)C 

H p tas:&5S:tCct t) to o ^t;^ c h p ^Cct o ^aa-r ^ 

tlC^^ (5 1 0) o 

[0 0 3 1] IBItMWSei Ott. DXr!T>H 

I/— A^.§{it-^<h, ilO:7l/-A;&^ei&5feIg:3*7>H 
T*^;6^<i:'5*^*il^^ (5 0 2) . ^1 ilTLOCn v> 
K50^fB«$n}t>'l/-Attei&5feS=i-T> KX^Vifc 

J6> iBtSffl^sei ot^^:cD:7k— acd:7 1/— AifM " 

(OX-ID,S-ID. LPN#-^. 5^/WX#^) 

*ffiv^Te:o:7i/— AJc^*jS'r^Xi^x^x>>?Srx^ 

X^x>S^^S5^-y;U2 0 0 J:O^^T^o ^bT. 

^co^-g-tc^i. mmmi:j^^yYm^m^ntz.yu-L. 

iCct 0 MIB:7 Iz-Alt^tc^jS-r^x^X^x >v;^f^'|f. 
tCXi7X^x>>^SS5=— r^;^2 0 OtcSSStlTV^-S 

fc^. ^momWi. c:(Dx>7x^x>i?3&^«im$n^^: 
[0 0 3 2] ^^\z. mupimmmi o\t.. ^msnfc 

xi7X5^x>i?fC'::)V^T. ^Mxi7X^x>i^cr)fflSffl 
fcKtcCHP*^tiJD^T^nxVi^;6^<H'5;5^^^Kxi7 
X5^x>v(7)CHP#^2 0 5^#.^bTP^'5 (5 0 
6) o ZiZLX^(0:si!;7.^zc>zP\Z\^. ^:^CHP<Di9 
O^T30^$nTVi;&:l^^O-e, (5 0 7) CDi&aiC*5VikT 

^myv-i^omm,'^:^->ii^^'&^^'^^Eoi)^^m^ 

CilTCCO>^l/-AtCtl^3*5^x-> (WRCKDHT 

>H<7)>^i/— A) ti^wiErr^rz^> (5 0 8) ommf)^ 

3>=i- F;6^?>WRITEn'T> KTS>^ ::<h^¥iJST#^ 
D-T^-HT^-Sfcse). (5 1 0) OjaS^th^ff bT. 
^eL0cn^>H*WR^-^^^^-eS7='— ::^;^4 i p 

tcS^b, ^fz. X^X^x>>^1^315r- :/;^2 0 OCD 

^ :7 1/ - A t c ^ T ^ ^ X ^ X > >^ CO c H p # 2 

0 5JC roj^-fe:y hf ^ (5 i 1,~ 5 1 3). o ^fc. 
CHP05^-^a*^7>5^3 0 5fo^KL0Cn-7>H<D 

Xi7iix>y h(c^^iASn-S7^-^<50x-^«€:JD#T 

[0 0 3 3] -SD^tr. ±fi«aSSS2 0*^e>WRCKD3V 

>}^mim^nrzyU'-Atim^nx^rzm'^\z\t. ib 
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v^^fc* (5 0 2) . m3^vrciocn'^>]^(Dm^tw\m 

^ (5 0 5) o ^LT. ;i<D«'&^rtl. CHP#-^2 0 . 
5Jcffi(c>(i;^?^-b:^;; >^nT;BD. 3^:7 l/-A;;^>^^S■r 
* (5 0 6) , gltftWSfil Ott^K=iv>HOS!iS 

^ c H p#-^Jc?*;iSi-^ c H p ic^ 
[0 0 3 4] £k±\zmmvtc^v\z. tmmmmmio 

X^x>vCD®S*fT5CHP<&fdt)ST^o ^^e^T. 
c H p 0 , 1 (DM-^tmmzwRi> b < ttRDo— :6roffl;3ii 

tmm^5 2(Dn^<D;'^y>7,f)^^i^—\zu^mm^^ - 

[0 0 3 5] <hc:5"^. JK±cr)J:53^CHP(7>fU^:&^ 
Sr®fflLfc:®^"efe. #y;ltf. ±#:i8lSStt2 0;6^^WR 
3 V > H t) b < t^RDn T > H 1/^*^:6^— ^^t; 
:7 1/- A 50^]^^ LTmm ^ nTSfflF«l-:5C0 C H PjO^-^ 

^ffUTL^-^i:. is^7^':>x—:}5<r>m.mmzmMtl^Y\^ 
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[PatentDocument] 

I. Japanese Patent Laid Open 

No. 2 00 3 — 3 0 3 0 5 5 
Disk storage system having disk arrays connected with disk adaptors through 
switches 
Hitachi, Ltd. 

Inventor(s):Tanaka, Katsuya ;Fujimoto, Kazuhisa 

AppHcation No. 10/212882^ Filed 20020807, Al Published 20031009 

Abstract: 

A disk storage system has high throughput between a disk adapter of a disk 
controller and a disk array. The disk adapter of the disk controller is 
connected to the disk array through switches. Data on a channel between the 
switch and a RAID group is multiplexed in the switch to be transferred onto 
a. channel between the switch and the disk adapter and data on the channel 
between the switch and the disk adapter is demultiplexed in the switch to be 
transferred onto the channel between the switch and the RAID group. A data transfer 
rate on the chainnel between the disk adapter and the switch is made higher than that 
on the channel. 
US.Class: 711114 711154 
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Full-Duplex and Fibre Channel 



WHAT IS FULL-DUPLEX? 

With full-duplex data transmission, data is received and transmitted at the same time. A Fibre 
Channel adapter that has full-duplex capability can send data to a Fibre Channel node and receive 
data from that node simultaneously. 

WHY FIBRE CHANNEL? 

Traditional I/O channels are buses. Buses are like one-way tunnels. Parallel SCSI and ATA, for . 
example, can only process a single point-to-point transfer at a time. Fibre Channel is different. On a 
single Fibre Channel cable, there are two connections between any two devices: 

• The outbound half of the cable goes from the transmitting device to the receiving device. 

• The inbound half of the cable goes from the receiver back to the sender and completes the 
connection. 

These connections are physically separate; Fibre Channel supports separate communications 
being in process on each half of the cable at the same time. This capability, called full-duplex 
communication, makes Fibre Channel more efficient than traditional buses. 

WHEN IS FULL-DUPLEX MOST CRiTICAL? 

Full-duplex is most important in point-to-point communications on a switched fabric. A host system 
communicating with a switch can take advantage of the simultaneous send and receive 
capabilities. A switch is most likely to have data ready to transmit to the host when a connection is 
opened between them. 



Server 1 
w/HBA 



Point-to-point, 

full-duplex 
communication. 



Loop 1 



Lood2 



A? point-to-point topoiogy, fuH-dupiex is a criticat 



In the above diagram, the host adapter in the Server 1 is communicating simultaneously with a drive 
on Loop 1 and a drive on Loop 2. (The drives can be spread across more than two loops; however, 
only two loops are needed to illustrate the feature.) In this configuration, the system can realize the 
performance potential of Fibre Channel full duplex capability. 
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SUMMARY 



Full-duplex is one of many features that highlight the advantages of Fibre Channel. When a host 
adapter accesses drives on multiple loops on a switch and has a workload that keeps the attached 
drives busy, using full-duplex results in a considerable improvement in performance. 
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